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CH.AF'ER I 
I NTRODUCT I ON AND ST ATEMEli'T OF THE PRO::3L]l.1 
In the past, numerous studies have been concerned with the sensor,y 
output of the periodontal ligament as measured along some aspect of the 
trigeminal nerve. However, only two studies have concerned themselves 
with the ability of an individual to consciously discriminate differences 
in the magnitude of sensor,y stimuli applied to the teeth. 
The purpose of this study is to determine the ability of young 
adults t.o quantitatively discriminate force stimuli applied to the 
mandibular central i.neisor, lateral incisor, canine, and premolar teeth. 
This will be done by estabUshing .that the Psychophysical Law (Weber-. 
Fec~~er Law) can be used to measurediscriminator,y ability in these teeth, 
and then determining the optimal range of intensity over which Itoperates. 
1 
CHAPTER II 
REVIEii OF THE LITERATURE 
Weber's Law 
In his historical development of the Weber-Fechner Law, Hecht 
(1924) wrote that Bouguer (1'160) made observations of his ability to 
detect the shadow cast by 'one candle when the screen upon which the 
shadow fell was strnultaneOtislyillumunated by another candle. The two 
I candles projected 'Shadows ofa :'rodupon the whi tescreen. and then one 
candle was moved away from the screen untU its projected shadow was 
first nottcable against the background. of the screen. 13t)uguer found 
that the ratio of the two intensities at the point on the screen was l!tA 
. . 
or 1.5 per cent. In other words. the shadow was first noticable when the 
tar candle was eight times as far from the screen as the' near candle. 
!rhia. ratio did not· change. for any pair of distances at which the two 
candles weread.1usted, or when the 'brightness of the candles varied. In 
a repeat QfBouguer's experiments. Masson (1845), reported that although. 
people gave different values for the ratio AI!I, the ratio was constant 
for a given. person regardless of the intensity or color. 
, 
:Boring (1950) wrote that Weber (18'34) discovered for the sense 
of, ·touch that one could discriminate between two weights if they differed 
by 1 or 2 parts in 10. Weber made it clear tr.atthe smallest perceptible 
2 
difference between two weights could be stated as a ratio that-was inde-
, . 
pendent of the magnitudes of the weights. He later conducted other weight, 
visual, and sound experiments and discovered the ratios that represented 
the least perceptible differences were:: w'eights, 1/40; lines, l/SO or 
1/100; and tones, 1/60. However, he did not formulate any specific law. 
This was done by Fechner • 
. Fechner (18,54), while working with lifted ~eights, noticed that 
there must be a large enough difference between th~ 'two w-eights bef~re 
, .,' 
they could be distinguished as being different. In ~8,58he repeated 
! l!ougu.er's experiments with two candles and a srAdow t' and ~emonstra't~d' 
'L1I/I to be uniformly 1/100'. l3a;sed on his own observations and those of 
Bouguer and 'Weber, Fechner d~vised a ratio between the ~'ensory stimu1~s 
~ I" r . " 
. and the change in this stimulus before a difference in the two c6tild'b~ 
cietected.' He ass~~d' that 'the -just noticable' 'differenc'e'. of sensat'i<)i{' 
always contained the same number ofsensa'tion' units. He felt t~t th'ts 
.. 
ratio was maintained along the entir~' "~cale of sensorY s't1muli, and was, 
, . 
therefore, a constant. 
" : -, , ~~\ .,' 
Although he recognized Bouguer's priority, Fechner (1860) referred 
to this ratio as Weber's Law. 
:;. ", ,. .,., f:. ~', 'I ". 
This law s'tated that the ratio 'between the 
detectable change in intensity of a stimulus and the intensity of the 
~ ," ~~ . ::,., '. .: ,": . .; , .' ," 
stimulus equals a constant. He stated this mathematically as ~I/I : C. 
{ 
,,~ , •. ( "", • '. 'i' "' .' ", ' . . f: ~ . ,, __ " : ,f""" , 
James (1890) concluded that Weber's Law was true as an emperfcal 
• <' i f' 
generalization, and that t~e Weber Ratio could be found for meas~rabie 
senses. The ratios he gave were: light, 1/100; sound.,/IO; pressure 
and muscle sense. 1/40; and warmth and taste, 11'. However, he felt 
iteber's Law only held true for an intermediate range of stimuli, and. 
that it increased above and below this range. He dld not agree with" 
4 '. 
Fechner's psychological interpretation of Weber's Law, and felt that the 
Law had only a purely pr~siologlc value. 
Knight (1922) be1eived the Weber Ratio to be the~retically inter-
esting, but not workable in practical cases. !ie based his belief·$ on: 
(1 ) the limited range of the Weber BatiO, en that the physical and 
psychological condition of the subjects must be approximately constant, 
and (":1) beeause it only applied to intend ties. 
Hecht felt that Weber * sLaw was true • but that it only applied to 
a narrow range of the 'intensity scale. Inh1s light experiments on the 
eye of Mys. arenla (the cHam) he found that as the intensity of the light 
rose. the Weber Ratioatftrst d~creaged and than later increaged~He 
was critical of Fechner for saying that. Weber's Law -was a constant at 
the extremes of 'the intensity scale. Recht expressed belief that sensory 
jUdgements were relative, not absolute. 
Thurstone (1927) felt that lieber's and "Fechner's Laws were inde ... I 
pendent of each other, 'aM should' not be referred to jointly as the W'eber- J 
1 
: 
1'echne r Law. He stated that one dould be applicable to a set of data' 
whfle the other was not. Thurstone defined 'deber's Law by saying that 
the stimulus increase that is correctly discriminated in 75 per cent of 
5 
the ~tteT!lpts isa constant frection of th~stimulus magnitude when only 
two judgements or their equivalent were allowed. 
Steinr.ardt (1916) agreed with Hecht that as the intensity of a 
stimulus increased, the ~eber Ratio showed a substantial decrease. 
Van Leeuwen ~ 1949). while working with the response of ml1.scle 
spindles .in the frog, reported that \o(eberts law was apropertyofa 
dngle stretch receptor. However t a large number of results had to be 
taken into account becau5le random nuctuations so invalidated single 
observations that the relation WAS not clear •. 
P1eron (1952,) also felt.tha$,Weberr.g Law only applied t$ the' 
intermedlaterangeof intensities, and th~t near threshold()rphysio~ogl-
oally ~o1srabl. Hntih the <atio increased. He, further stated that ! 
Veoar''S-Law was verified on a purely physiological basis, but had no 
psychological basis as Fechner applied to it. 
Fult,on (1955) .stated that .Weber'sLaw applle~ to mostsenso17' 
modalities, . but only over a very limited range of intensities •. He 
criticized the generality that Fechner applied to Weber's Law. 
}{a,-Iamura and Watanabe (1960) compared the discriminatory ability 
of patients with natural and artificial dentitions by l'>.8ving the patients 
bi te down on small stainless steel wires placed between the teeth~ They 
found the Weber Ratio in the human natural dentition to be 0.1'1n both 
- . 
the incisor and molar areas. This ratio increased in those patients 
with artificial dentitions. 
i 
; 
; 
6 
Treisman (196~ and 1964) aeree'd with previousinvest'igators that 
theWe'ber Ratio held true for the middle ranges of many different types 
of sensory stimuli. but tended to increase at the high and low extremes 
of intensity. 
Grossman (1965) tested. oral tactile sensitivities by using small 
filaments in a aesthesion)eter t and applying the p~ocedure of "just notic-
able difference". He reported the areas 'of greatest oral tactilesensi-
tivlt;rin the following 'ordert(l) upper lip; (2) tongue; '(1) lower lip; 
and (4). incl3ive papilla. 
• 
\ 
I 
I 
Nakfoor (1967)teste'd the maxillary central incisor wi th contrblled i 
pressure stimulation of patients undergoing active orthodontic treatment. 
Refound that the iieberRatl0 was:acon:~tant over the middle range~ of ' 
intensity. but increased at both the lower and higher ends of the scale. 
This was in agreement' with the fiMings 'of Hecht, Exner, WUl'ldt, Fulton, 
and: Treisman. He established a, "eber Ratio for these teeth of 0.10 to 
0.15 which compared faTorably with the findings of Kawamura and Watanabe 
of '0.1 •. 
Fechner's Law 
Fechner formulated the Psychophysical Law which stated that sensa-
tion increased as the logaritr~ of the intensity of the stimulus increased. 
, 4 
He expressed this mathematical11 as S = A log I +K, where S equalled the 
intensity of the sensation in sensation units. On a logarithmic scale, I, 
the intend ty of the stimulUs increased in a straightHne sta:rti'Dg from \ 
the Y i.ntercept K. The slope of this line was represented by the constant 
A. 
Delboeuf .(18'l2). Broca. (1~94), and Helmholt;f1924), while working 
witl;1 light. conc,luded t.ha.tsensation' incree.se~proprtlonately to the 
logarUhm'Of the inten~it:y of the stimulus, 
James (1890) did not believe in the validity: of J'eobner'tsLaw.· . 
He stated that although the law wasot mathematioaI and metaphysical 
that the 1t just noticable difference" was a sensation unit. and that all 
of our sensa.Uons.oGnsht-ad 'of &\1mS of these units •. Jame's felttbat' 
to: do s.O' w8repure,matema1l1aal speoulation. 
! 
Munster'berg (lB94) ,studied the ability o.fsubjects to visually 
est1'lIla.,te :thedifferenoes. 'in lengths. of lines, He beHeved in the validity 
of Feohner''S Law., iHowever,.~ in .his' experiments he u.sed thepsych01lletrio 
method! lof, m.ea.suring psychop~sical phenqmenamthur than the method of·: 
"Just notica'ble diff-erencel'whi.ch he felt; was theo.retidally 'Q.ues'tlonabl'e • 
. , Waller (1895') ma.intatned ·that Fechner's' LawoontroIledtnid.excrl.ta- j. 
I 
tory processe,sof the retina of ,the eye',muscl.es, and nerves.' RefoUnd 
I that the electrioal response of the retina inoreased as the logarithm of 
I j 
the stimulating i1lunillfJ.tion ·increased in the- Iliiddle region of fnte:ns,ttles, ;' 
but that inflections ocour~d ,at low and high· tntendt1es·~· Thus he, felt 
8 
that an S - shaped (sigmoid) curve must be substituted for the logarithmic 
straight line. 
Thurstone (1929) found Fechner's Law to be applicable only to 
those stimulus series in which the attribute being judged could a1so'be 
physically measured. Although he felt the psychophysical Law was inde-
pendent of Weber's Law, he stated that the law demanded some respect since 
it held true for so many measurable stimulus series. fie also found that 
practice on the part of the experimental subjects increased the proportion 
of correct judgements and aided in the construction of a psychophysical 
scale. 
Matthews (1911 and 1911) found that the frequency of impulses 
from muscle spindles was approximately proportional to the logarithm of 
the load on the tendon within two seconds after loading. This only 
occurred at moderate tensions. At higher tensions, the muscle spindle , 
fell short of this proportionality. l 
Hartline and Graham (1912) studied the effect of light on the 
lateral eye of the horseshoe crab. They found that over a moderate range , 
of intensities the frequency of discharge of impulses from the nerve of 
the eye had a linear relationship to the logarithm of the intensity of 
the stimulus, thus paralleling the findings of Matthews for the muscle 
spindle. I 
Guilford (1912) stated tp~t Fechner's Law was only true for the 
middle ran~es of stimulus intensity. He also felt that the fOnW~la 
9 
proposed by Cattell and Fullerton. ARa 0: (K11a).5. was not completely true. 
He maintained that both Fechner's and Cattell's Laws were simplified and 
special cases of a more generalized power function which he calculated 
n 
as being 6Ra = K Ha. He stated that this power law took care of small 
values of 11 where Fechnerfos Law did not hold true. 
Houstoun (1912) wrote that Helmholtz found Fechner's Law to apply 
to the medium ranges of illumination, but that its validity was upset at 
the upper and lower limits of intensity. 
Pfaffman (1919), while investi~ating the mecr~noreceptors of the 
maxi1lar,r incisor. canine. and premolar of the cat. found that the rela~ 
tionship between the frequency of response and the Btimulus was approxi-
mately logarithmic over a limited range of intensities. The high and 
low limits of this range were 20 and 200 ~rams respectively. 
Uess (1954), while studying the mechanoreceptors in the perio-
dontal ligament of the rabbit mandibular inCisor. found that the response 
of these fibers as recorded on the dental nerve was linearily related to 
the logarithm of the magnitude of the stimUlus. This only occurred for 
forces below 100 grams. 
In the past, many men have opposed Fechner's Law on the grounds ! 
that the relation between sensory intensity and stimulus intensity could 
be expressed more accurately as a power function. These men included 1 
Plateau (1850), Bretano (1874), Grotenfelt (1888), Guilford, and Stevens 
(1957 and 1960). 
10 
Stevens has been the ~reatest critic of Fechner's Psychophysical 
Law in modern times. He has demonstrated on 14 Class I or prothetic 
continua (those having to do with ~~) that the psychological magni-
tude is a power f~~ction of the stimulus magnitude. He felt that the 
sensation was proportional to the stimulus raised to a power, and proposed 
the following equation: dS ~ k IX. In these 14 continua, he found the 
exponents to range from 0.11 for brightness to 1.5 for electric shocks 
applied to the finger. Stevens felt that Fechner's Law was not found to 
be true experimentally because the indirect resolving power (just noticable 
difference) was not constant in psychological units as Fechner had assumed, ! 
: 
but was proportional to the psychological magnitude. ! 
Treisman (1961) stated that both Fechner's logarithmic law and : 
Stevens' power law were valid. However, he felt that a central neural 
response - oetermining process as described by the logarithmic f~~ction 
of Fechner was simpler and more useful than one using the power function. 
Brett (1962) listed the objections to Fechner's Law as being: 
(1) the laws and formulae of psychophysics lacked support of experimental 
evidence; (2) the law only had physiologic value; (1) the mathematical 
expression of Fechner's was wrong; and (4) that mental processes were 
biological rather than mathematical as advocated by Fechner. 
Nakfoor (1967), working with discrimination of forces applied to 
i 
the maxillary central incisors, found that the power function of Stevens 
fit his data better than did Fechner's logarithmic equation. He found 
11 
tr..a.t for forces applied to the incisal surface and directed along the 
long axis of the tooth, the results could best be described by the 
equation dS : 0.2~ 1.861• For forces applied to the labial surface and 
directed at 900 to the long axis of the tooth. the results were best 
described by the equation dS = 0.24 1.865• Nakfoor further established 
that a near linear relationship existed in the range of forces between 
50 and 500 grams, but that forces of 10 and 1000 grams fell outside the 
optimal limits of the psychopr~sical phenomenon. 
Functional Innervation of the Periodontal Ligament 
Peaslee (1857) stated trat the teeth were affected by touch 
stimuli, and were able to localize these stimuli. He felt that the teeth 
were most sensitive on their masticator,y surfaces. 
Elack (1887) said that the sense of touch resided wholly in the 
periodontal tissues, while the pulp yielded only painful responses. 
Noyes (1921) wrote that the sensation of touch for the teeth 
rested entirely in the periodontal U'gament, and that the only function 
of the nerves of the periodontal ligament was to convey sensations of 
proprioception. He further stated that all nerves of the periodontal 
ligament terminated in beaded free endings, and that no special nerve 
endings were present. 
Stewart (1927) conducted minimal pressure and localization 
experiments on tr.e labial surfaces of incisors and canines. His results 
12 
showed that the threshold of 260 teeth tested va.ried between 7.and 2,50 
grams per square mm. lie found tr~t pulpless teeth gave the same results 
as normal teeth, and concluded that the transmission of pressure stimuli 
was not a function of the pulpal nerves, but resided entirely in the 
nerves of the periodontal ligament. He also found that the teeth had 
the ability to localize pressure stimuli. In both his pressure and 
localization experiments. the canine was the most sensitive too'th. 
Van der Sprenkel (191,5) described the innervation of the perio-
dontal ligament as consisting of apical fibers following the path of the 
blood. vessels, and alveolar fibers arising from the interdental areas. 
The alveolar fibers supplemented the apical fibers, and then both groups 
, 
• of fibers proceeded gingivally together. Van der Sprenkel found three 
types of endings for the myelinated nerves of the periodontal ligament. 
i The first were small end rings which functioned in pressure perception and i 
localization. The second were the terminal reticula, the significance 
of which he did not know. Lastly, he found unmyelinated fibers that 
penetrated the dentin and cementum of the teeth. He hypothesized that , 
, 
these fibers might be sensitive to changes in the sr~pe of the teeth due 
to compression of the d.entinal tubules during function. It can be noted j 
here that no other investigators have been able to identify nerve fibers 
of the periodontal ligament penetrating either the dentin or cementum. 
Lewinsky and. Stewart (19~6) studied the periodontal ligament 
innervation of both the human and cat. They agreed with Van der Sprenkel f 
, 
1'3 
ttat the nerves of the periodontal ligament arose from the apical region, 
proceeded along the course of the blood vessels, and were reinforced by 
fasciculi which entered the periodontal ligament through the foramina in 
the alveolar process. As these fibers proceeded gingivally they gave off 
terminal branches that ended in fine arborizations throughout the perio-
dontal ligament. Some of these terminel fibers had knob-like endings. 
They were unable to trace any nerve fibers into the cementum of the teeth. 
Brashear (l~6) felt t~~t pressure sensations to the teeth were 
only transmitted along the large sized nerve fibers of the ~eriodontal 
liga~ent. These fibers were 10 to 16 microns in diameter, and made up 
24 p~r cent of the total nerve fibers counted. However, he felt that 
touch "laS not the only sensation elicited by the periodontal ligament 
because of the pres~nce of all different sizes of nerve fibers. He stated 
that temperature sensations were carried by the medium sized fibers 6 to 
10 microns in diameter, and that pain was mediated along small mwelinated 
and unmyelinated nerve fibers that were less than 6 microns in diameter. 
Pfaffman found that when the full nerve trunk supplying the 
maxillary incisor, canine, and premolar of the cat was placed on the 
sensory electrodes, pressure against any surface of a tooth elicited about 
the same response. A single fiber, h0\vever, was only affected by pressure 
against a particular surface of a tooth. From this position of maximum 
sti!!iulation, there·wes a decrease in stimulating efficiency until a 
position of about 90° on either side was reached where the stimulus was 
-14 
no longer effective for that particular fiber. 
Pfaffnan also described two types of nerve fibers in the perio-
dontal ligament. The first were large fibers of 10 to 14 microns in 
diameter, and consisted of 20 per cent of all the fibers present. He 
felt these fibers carried impulses of pressure. He stated t~~t the 
smaller nerve fibers of 2 to 9 microns in diameter carried painful 
impulses. 
1 
Orban (1944) agreed with Van der Sprenkel, and Lewinsky and 
Stewart on the distribution of nerve fibers in the periodontal ligament. '. 
He felt there were three types of nerve fibers in the periodontal liga-
: 
i mente The first were the free nerve endings that conducted painful impulses. Secondly were those that formed loops or rings around the 
: 
bundles of principle fibers of the periodontal ligament to which he : 
Ness stated trAt the receptors responding to pressure applied to I 
assigned no function. Lastly, there were knob-like swellings that 
functioned in proprioception and localization of pressure stimuli. 
the crowns of the teeth were located in the periodontal ligament. He 
divided these mecr~noreceptors into slow adapting, fast adapting, and 
; 
spontaneously discharging depending on the spike sizes of their nervous 
j 
discharges. Of these, the1slow adapting receptors had the greatest 
directional sensi tivi ty. He found t~..at the most sensitive direction was 
inciso-apically, and felt that this could be due to the orientation of 
the individual receptors in the periodontal ligament. 
15 
Dockrill (19)4) noted that hair follicles. whisker follJcles, 
and teeth all had the same basic nerve pattern consisting of thicker 
myelinated and thinner non-myelinated fibers. He felt thBt this similar-
ityof nervous distribution might be due to the fact that these structures 
were all of ectodermal origin. 
Loewenstein and Rathkamp (1955) studied pressure thresholds of 
vital teeth by apulying forces on the teeth at the incisal and occlusal 
surfaces. Their average threshold was 2.521 grams with a range of 0.948 
grams on the maxillary central incisor to 5.010 grams on the mandibular 
first molar. They felt that the higher threshold observed on the post-
eriorteeth was due to the greater surface area of the roots of these 
teeth. A significant finding of these men was that the threshold of 
. 
pulpless teeth was 57 per cent higher than in normal teeth. From this .. 
they conclud.ed that there were intradental as well as periodontal 
pressorecptors. This was in disagreement with the previous investigations 
of Stewart and Pfaffman. 
Bernick (1957) agreed with Van der Sprenkel, and Lewinsky and I 
Stewart in regard to the origin, direction. and location of nerve fibers 
in the periodontal ligament. He also found that the terminal branches of 
the medullated nerves ended in non-medullated, elongated, spindle-like 
i structures that were found primarily around the apical 1/1 of the root. 
Kawamura and "tlatanabe, while comparing the Weber Ratios of natural >-
and artificial dentitions, concluded that the periodontal ligament was 
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n~cessary to make finite judgements in the size of materials placed 
between the upper and lower teeth. . 
Kizior (1966) found two types of sensory endings in the perio-
dontal ligament of the cat incisor, and concluded from this that these 
endings had two different functions. The first were highly organized, 
encapsulated, ovoid endings that were the terminations of the larger 
nerve fibers in the periodontal ligament. These were located around the 
apical 1/3 of the root. He felt these endings were sensitive to pressure 
stimuli, and reached their action potentials upon application of light . 
forces to the teeth. The second type were the free nerve endings which ! 
l 
he felt were sensitive to pain. These nerves had a much higher threshold ! 
than the ovoid endings. He also noted that the periodontal ligament 
receptors had directional sensitivity, with the incisal edges being the . 
most sensiti.ve areas. 
Nakfoor noticed no directional sensitivity when applying pressure 
stimuli to the labial surface and incisal edge of maxillary central 
incisors of children undergoing active orthodontic treatment. From this 
he concluded that the proprioceptive nerve endings were evenly distri-
buted throughout the periodontal ligament as shown by Lewinsky and 
Stewart, rather than being confined to the apical 1/1 area as shown in 
Ki~ior's study of the cat incisor. 
I nt.roduc ti on 
CRAFTER III 
YE'THODS ANTI MATERIALS 
The thirty subjects used for this experiment were graduate 
students at Loyola's Orthodontic Clinic and the Loyola Dental School. 
They ranged in age from 24 to 11 years old. 
Subjects selected for this study had to meet the following 
requirements. The age limitations placed on the patients was from 20 to 
15 years. It was found that most subjects fell into the 24 to 10 year 
old range. The most important criteria for limiting the selection of 
experimental subjects was that they must not have received orthodontic 
treat~ent earlier in their lives. 
The occlusion of the teeth did not play an important role in the 
selection of experimental subjects. The only requirement here was that 
the mandibular anterior teeth had a reasonably normal horizontal overbite 
and vertical overbite relationship, and t~~t no spacing be uresent between 
the teeth to be tested.. Therefore, it was found that most individuals 
with either an Angle Class I or Cla,ss II first molar relatiC'lnship were 
acceptable for the study. Angle Class I II individuals ''1ere not acceptable 
because of the reverse horizontal overbite relationship of their anterior 
teeth. 
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The teeth tested were the mandibular central incisor, l~teral 
incisor, canine, and first premolar on either side of the arch for each 
test subject. The data collected was obtained from readings of forces 
applied to the labial surface and incisal edge of the central incisor, 
lateral incisor, and canine, and to the buccal surface of the first 
premolar. 
A pilot study was conducted on five second year graduate ortho-
dontic students. This pilot study determined the magnitude of force 
application used in this study. The subjects used in this pilot study 
were l~ter retested, and the data obtained from them was included in the 
final experimental results. 
Force Prod~cing Inst~ 
The force producing instruments used in this research were torque 
wrenches manufactured by the p. A. Sturtevant Company, Elmhurst, Illinois, 
(Figure 1). 
A torque wrench is a device used to measure resistance to a 
turning force. The components are (Figures 2 and 3): 
A) drive square 
B) a flexible beam 
C) handle 
D) scale 
E) force indicator 
I ~ 
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Fi~ure 1.--Torque ~renche9 
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Figure 2. -Torque lirench 
A. Drive Square 
B. Flexible Beam 
C. F.andle 
D. Scale 
E. Force Indicator 
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Fi~~re 1.--Torque Wrench 
A. Drive Square 
B. Flexible Beam 
C. F..andle 
D. Scale 
3. Force Indicator 
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By applying a force at the :r.andle of the instrument. a torque is .produced 
at the drive square end. The magnitude of the torque can be computed b,y 
the mathematical expression, T = F x D. the Torque Law. T expresses 
torque, F indicates force, and D is the distance through which the force 
is applied. (beam length). The torque Law governs the use of a torque 
wrench. 
To measure torque. a torque wrench must always ftL~ction upon 
another object. In this particular case. the object was a tooth. 
A bearing and drive shaft assembly was adapted to the torque 
wrench in order that the angle at which forces were applied to the teeth 
could be varied. This allowed nearly frictionless movement and the 
ability to rotate ,60°. This rotating drive s:r~ft was coupled to a twelve 
inch lever arm which had an adjustable pointer and was balanced at the 
·op"[)osite end by a counter-weighted four inch lever arm. The relationship 
of the pointer to the long axis of the tooth being tested determined the 
direction in which the force was applied to the tooth. The pointer could 
be adjusted to any desired position on the tooth. 
All forces were applied by the index finger and thumb of the 
examiner's right hand. This satisfied the Torque Law by insuring that 
force application was perpendicular to the torque wrench beam, and also 
concentrated all the force at one ~oint on the handle of the wrench. It 
further allowed standardization of the experimental procedure. Upon 
application of heavier forces of 1000 grams or more, the left band was 
used to push the right wrist, and thus all forces were still applied 
through the handle of the torque wrench. 
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The torque wrench calibrations were certified with a maximum 
allowable error that did not exceed 2 per cent of the full scale readings. 
Force values ranging from 0 to 1000 grams were used to stimulate the 
teeth in this experiment. 
The four torque wrenches used in this exueriment were calibrated 
as follows: 
1) 0 - 70 grams, in 2 gram increments. 
2) 0 - 150 grams, in 5 gram increments. 
1) 0 - 1500 grams, in 50 gram increments. 
4) 0 - 3000 grams, in 100 gram increments. 
The above forces were the range of forces applied to the teeth through 
the drive shaft and lever arm. The force reading can be explained by the 
Torque Law, T : F x D. When solving for F (force), the equation is 
expressed as F : TID. 
The torque force was produced at the drive square and transmitted 
through the drive shaft and ball bearing assembly. This was delivered to 
the teeth by means of a fiber or plastic tip attached to the lever arm. 
and was called the "compressive" force. This force varied inversely 
with the length of the lever arm. For example, if a 150 inch gram torque 
was extended the full scale range, and had a one Inch lever arm from 
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the center of the drive shaft, then 150 grams of ftcompressive" force 
would be exerted. Nathematically this could be expressed as: 
·T = F x D 
350 in gm = F x 1 in 
F =. 150 gros 
The extension of the pointer tip to twelve inches from the center 
of the drive shaft would only generate 29.16 grams of compressive force 
with full deflection of the ~50 in gm torque wrench. This would be 
stated mathematically as: 
150 in gr ~ F x 12 in 
F = 150 {i gil! 
12 tit 
F ~ 29.16 gros 
The calibrated scales on the torque wrenches were marked to give 
direct readings of the compressive force on the teeth in grams when the 
twelve inch lever arm was used. The length of the lever arm did not 
change during the experiment. 
The tip of the pointer useci on the labial surface of the tooth 
was a cylindrical piece of solid polyetholene vinyl plastic attached to 
the metal tip of the pOinter by means of a centered hole half way through 
2S 
tr-e cylinder. The tip of the pointer used on the incisal edge of the 
tooth was a piece of the same cylindrically shaped vinyl plastic imbedded 
in methylmetbacrolate plastic with a tapered oval confi~ration. and 
with a rectangular cut on the opposite end of the cylinder. This cut 
prevented the pointer from slipping from the incisal edge when force was 
applied. (Figure 4). 
The fixture from which the torque wrench was suspended allowed 
additional versatility by means of adjustable parts. (Fig~re 5). The 
iron base measured 48 inches by 18 inches, and weighed approximately 100 
pounds. Located centrally on the rear one-fifth of this base was an 
adjustable iron pipe which projected upward at 900 to the base. and 
measured 48 inches. A conventional dental headrest, that was placed on 
the cranial portion of the head, was attached to this post and was used 
as a Whead holder-. 
An extension arm, 48 inches high, paralleled the fixed post. Two 
right. angled arms braced the extension ann to the fixed post. One arm 
was an iron extension and .the second was a soldered joint; and both were 
adjustable in a horizontal direction. The bottom brace was also adjust-
able in a vertical direction. 
A 16 inch adjustable vertical arm ran perpendicular to the exten-
sion arm. The torque wrench assembly was securely fastened to this 
vertical arm. 
The major horizontal and vertical adjustments were accomplished 
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Fig~re 4.--Stimulating Tips 
A. Along Long Axis 
B. 90° to Lcng Axis (Labial or Buccal Surface) 
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Figure 5.--Torque Wrench Assembly and De~tal Chair 
by a perpendicular adjustable assembly holding these arms. This' was a 
soldered couple with thread screws to secure the desired position. 
~ith the versatility of the torque wrench assembly, and the 
numerous horizontal and vertical adjustable areas of the fixture, any 
sized patient or any desired position could be rAndled. 
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It was necessary to stabilize the mandible by means of a stereo-
taxic instr~~ent. This consisted of the chin rest portion of an S. S. 
White Panorex radiograph unit that was modified to attach to the arms 
of the orthodontic treatment chair that was used. (Figure 6). When 
applying force to the labial and buccal surfaces of the teeth tested, the 
dental headrest was placed on the posterior cranial portion of the skull 
to further stabilize the head and mandible. It was not neces sary to use 
the headrest when taking the incisal readings since the chin rest provided 
sufficient stabilization. 
Exuerimenta.l Procedure 
The examining room was a study room in the orthodontic department. 
It was seven feet square, well lighted, and air-conditioned. The metal 
base of the force producing apparatus sat in the middle of the room. 
The examiner was seated to the left side of the patient while examining 
the incisors, and in back of the uatient w:hile applying forces ,to the 
canines and premolars. 
The patients were seated in an orthodontic treatment chair. The 
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Figure 6. - -Chin Rest 
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chair had an adjustable headrest, an adjustable back, stationary arms to 
which the mandibular chin rest was attached, and a foot controlled 
r~craulic pump. The center of the headrest of the chair was positioned 
against the fixed vertical post. 
After the patients were seated in the chair and the necessary 
adjustments made on the force producing instrument, the procedure was 
explained to them. They were told that two forces were to be applied to 
the labial (buccal) and incisal surfaces of specific teeth, and that these 
forces would be identified by the words "firstft and ftsecond ft as the forces 
were applied. They were asked to identify which of the forces was heav-
ier. It was stressed to the experimental subjects that they should not 
guess which forces were heavier. This was necessary because even with 
pure gttesswork they had a 50 per cent chance of being correct, and this 
could affect the results. 
The standard force values used on the incisors were 50 grams, 100 
grams, 200 grams, 500 grams, 1000 grams. 1500 grams, and 2000 grams. Those 
used on the canines and premolars were 100 grams, 200 grams, 500 grams, 
1000 grams, 1500 grams, 2000 grams, and 2500 grams. The differential 
threshold was established \ofi th each of these force ranges for each tooth 
of every subject. This was accomplished by first using a differential 
threshold of plus and minus 10 per cent of the standard values, and then 
increasing or decreasing these forces, as was necessary for the individual 
subject. when comparing it to the standard values. After the subject's 
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differential threshold was determined, its validity was establii;hed. 
This was done by asking the individual to correctly identify the heavier 
of the two forces at least seven out of ten times. These forces were 
ad~inisteredin random order. 
If the subject could not correctly identify the heavier force 
70 per cent of the time, the differential threshold was considered too 
low and was then increased for the subject. The differential threshold 
was increased above the previously determined differential threshold 
until the subject could identify the heavier of the two forces at seven 
out of ten times. This value was then considered as the differential 
threshold for that subject. 
If the subject correct~ identified the heavier force ten times 
out of ten times, the determined differential threshold was considered 
too high, and a new lower differential threshold was established. This 
was accomplished by decreasing the force differential compared to the 
standard force value. The subject was then required to identify the 
heavier force, in random order, seven or more times out of ten, but less 
than ten times out of ten. 
The differential threshold was checked above and below the stand-
ard force values because the sensation of these two segments were not 
always. the same. As an example, at 50 grams, 46 grams may be distinguish-
a.ble, but 56 grams or 58 grams may be required before they are distin-
guishable from 50 grams. 
.', 
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The subjects' replies were recorded immediately after they were 
stimulated and asked to identify the heavier force. 
The results of both the 900 to the long axis and the long axis 
recordings were then plotted on semi-logarithmic graph paper and full 
logarithmic graph paper. For unifomity. established differential 
thresholds were plotted along the abscissa (Y - axis), and the standard 
force values were ~lotted along the ordinate (X - axis). 
The same ~rocedure was followed for the subsequent recordings 
on all subjects. 
Viscel1aneous 
It was found to be difficult for the experimental subjects to 
verbally relate which of the foreees were heavier. Therefore, different 
hand sjgnals were used by the subjects to give their i~1ormation to the 
examiner. Either hand was used. If the first force was felt to be the 
heavier of the two, the fore-finger was extended. If the second force 
was felt by the subject to be heavier, then both the fore-finger and 
middle finger were extended. If the subject could not distinguish any 
difference between the two forces, they gave a waving motion with 
their hand. 
The app9.ratus for stabilizing the mandible caused fatigue among 
the experimental subjects after several sets of readings were taken. 
Therefore, all of the readings could not be taken at one time. They 
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were usually recorded at three different sessions. There was rio set way 
of dividing the readings between the three recording sessions. 
The duration of tooth stimulation Wp.s considered i~portant since 
this could affect a subject's response to the stimuli. It was found 
that within li~its the lighter force could be judged to be the heavier 
force if it was applied for a longer duration than the heavier force. 
Therefore, it was necessary to develop a rhytr~ that permitted nearly ! 
equal time intervals for both the standard force and its differential 
threshold. 
CHAPTER IV 
FINDInGS 
The forces used in this investigation varied between 50 grams 
and 2000 grams for the mandibular central and lateral incisors, and 
lno grams to 2.500 grams for the mandibular canine and first premolar. 
In general, all of the teeth tested demonstrated a more linear 
relatlonship when the logarithm of the differential threshold was plotted 
against the logarithm of the applied force. A straight line relationship 
was not as evident when the actual value in grams of the differential 
threshold was plotted against the logarithm of the applied force. 
(Figures 7. 8, 9. and 10). However, in all cases this relationship 
was not nearly as linear as that observed in Nakfoor's study of the 
maxillary central incisor. 
A further generalization that can be made is that these teeth 
r~ve very poor tactile discriminatory powers at low force values. This 
was demonstrated by the high Weber Ratios at applied forces of 50 grams, 
100 grams, and 200 grams on the central and lateral incisors, and at 
100 grams and 200 grams of applied force on the canine and first premolar. ' 
(Table 1). The Weber Ratios observed at these a~lied forces were all 
higher than those observed by Nakfoor. In all cases, the Weber natios 
decreased in the intermediate ran~es, and then be~n to rise at the 
higher values. (Table 1). 
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On the central incisor, lateral incisor, and canine teeth, both 
the labial and incisal surfaces were tested. It was found that the two 
s-qrfaces had nearly the same range of discrimination with regard to the 
actual values in grams employed. although there was a statistically 
significant difference between the labially and incisally applie,d forces 
as indicated by tr~ Student -t- Test. (Table 2). Discrimination of 
forces applied t'o the labial surface was slightly better than for the 
. , 
incisal surface at all readings for both the lateral incisor and canine. 
(Figures 8 and 9). This was not evident for the central incisor. In 
fact, discrimination was better for forces applied to the incisal surface 
than for forces applied to the labial surface at force values of 500 
grams, 1000 grams; and 2000 grams. (Figure 1). 
The high standard deviations seen for the central incisor at 
applied forces of 50 grams and 100 grams on both the incisal and labial 
surfaces indieates a wide range of individual variation. (Table 1). The 
fttft comparisons of the YeberRatios for the various force standards were 
significant at the .001 level for all applied force values with the 
exceptions of ,500vs. 1000 grams, ,500 vs. 1500 grams, and 1000vs. 1,500 
grams 011 the labial surface. and ,500 vs. 1000 grams on the incisal surface. 
(Table':'). The log differential threshold in grams plotted against tbe .. 
log of the applied force in grams showed that the optimal range of the 
Weber Ratio had an upper limit near 1,500 grams, and a lower limit of 
between 200 grams and ,500 grams. (Figure 1). 
\ 
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The lateral incisor also displayed high standard deviation 
values at applied forces of 50 grams and 100 grams on both the incisal 
and labial surfaces. (Table 1). The "t" cOMparisons of the Weber Ratios 
between the various force standards were also statistically $ignificant 
at the .001 level with the exceptions of 500 vs. 1500 grams on both the 
labial and incisal surfaces. (Table 4). It should be noted that the 
Weber Ratios recorded for this tooth were hig~er than those seen on the 
central incisor, except at applied forces of 500 grams and 1000 grams on 
the labial surface. (Table 1). The log-log plot of this tooth indicated 
that the upper limit of the psychophysical phenomena was near 1500 grams, 
while the lower limit occurred between 200 grams and 500 grams of applied 
force. (Figure 8). 
The canine showed a high standard deviation at an applied force 
of 100 grams on both the labial and incisal surfaces. (Table 1). The at-
values of comparisons between the Weber Ratios were all significant at the 
.001 level with the exception of the 500 vs. 2000 gram, 500 vs. 2500 gram, 
and 1000 vs. 1500 gram comparisons on the labial surface, and 500 vs. 2500 
grams, 1000 vs. 1500 grams, and 1000 VS. 2000 grems on the incisal surface. 
(Table 5). The Weber Ratios recorded for the canine were the lowest of 
any tooth tested. (Table 1). The log-log graph indicated that the lower 
limit of the Weber Ratio occurs between 200 grams and 500 gr,ms. The 
upper limit was not as well defined on the graph, and probably exceeds 
2500 grams wh,ich was the highest applied force used. (Figure 9). 
The first premolar sh~ed high standard deviation values at applied 
forces of 100 grams and 200 grams. (Table 1). The Wt W comparisons of 
the Weber Ratios between the various force standards were statistically 
significant at the .001 level with t~e exception of the 500 vs. 2500 
gram, 1000 vs. 1500 gram, and 1000 vs. 2000 gram comparisons. (Table 6). 
This tooth had the highest overall Weber ]atios recorded, although the 
central and lateral incisor teeth often had higher ratios at some of the 
heavier applied forces such as 1500 grams. (Table 1). The log - log plot 
indicates that the lower limit of the optimal range for the Weber Batio 
began at about 500 grams. The upper limit was not well defined as in 
the canine. and may exceed the 2500 gram force that was used. (Figure 10). 
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T.AJ3LE 1 
Mean Weber Ratios i One Standard Deviation for Conscious 
Discriminatory Thresholds of Forces Applied to the 
Y.andibular Central Incisor, Lateral Incisor. 
Canine, and First Premolar 
Central Incisor Lateral Incisor 
Applied Force Weber latio Applied Force Yeber Batio 
Labially Incisal17 Labially Incisal17 1 
Directed Directed Directed Directed 
; 50 grams • 517.:t. 188 .5'n.±,.196 50 grams .61 '3.t..196 .6":'4±..188 I 
I 
! 
I 
100 grams .,41i.122 .158±-.155 100 grams .187±.179 • 428±.. 150 
200 grams • 211±.. 0891 • 214.±,. 0809 200 grams • 241.±.. 0928 • 269.:t.. 0891 r 
I 
« 1 
500 grams • 14'H;.. 0599 • 110±. 0466 500 grams • 142±.. 0605 • 151.t.. 0557 I 
j 
1000 grams • 146±-.0925 • 127±.. 0470 1000 grams • 125t,.0578 ,.1: 8±,. 05?81 
1500 grams • 142.::t:.. 0745 .147.:t..04~5 1500 grams • 142.:t.. 0550 .14a.t.0560 \ 
2000 grams • 161±.0589 • 160:.t,. 0541 2000 grams • 164.t. 0657 • 174i,. 0618 ; 1 
Canine Fi rs t Premo1a r 
Applied Force Weber 1la tio Applied Force Weber Batio 
Labial17 Incisal17 Bucca11,.· 
Directed Directed Directed 
100 grams • 155.t..151 • 410±. 161 100 grams • 415±.. 189 . 
. 200 grams • 215.t. 0928 • 247.±,. 0910 200 grams • 258±.114 
r 
. 500.grams • 118.t.. 0654 • 152±. 0610 500 grams • 16o.t. 0700 I 
1 
1000 grams • 117.t. 0461 • 129±.0491 1000 grams • 117±-. 0557 
j 
1500 grams .122±.0421 .111;1.0471 1500 gmms • 117±..0455 
2000 grams • l11i. 0402 .1,6.±..0199 2000 grams • 146±.. 0516 
2500 grams • 141.:t..0415 .15~±.0495 2500 grams • 165±. 0557 
TABLE 2 
~tft Comparisons of Weber Ratios 3etween Labially Applied Forces 
and Incisally Applied Forces to the Handibular Central 
Incisor, Lateral Incisor, and Canine 
Central Incisor Lateral Incisor 
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Applied Force "t" Value Applied Force lit" Value 
50 grams 
100 grams 
200 grams 
500 grams 
1000 grams 
1500 grams 
2000 grams 
6.080*** 
2.242" 
.731 
5.198 ...... 
1.706 
.169 
Canine 
50 grams 
100 grams 
200 grams 
500 grams 
1000 grams 
1500 grams 
2000 grams 
Applied Force "t It Value 
100 grams 7.151 ••• 
200 grams 7 .271 ••• 
500 grams 4.620* •• 
1000 grams 5.240 ••• 
1.500 grams 4.186* •• 
2000 grams 2.604. 
2.500 grams 5.181* •• 
**. P(.OOl 
2.172" 
5.177*** 
6.422*·-
1.941·-· 
4.691*·-
2.2.56-
1.226--
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T~E 1 
"t" Comparisons of Yeber Ratios for Various Forces Applied 
to the Labial and Incisal Surfaces of the 
~~ndibular Central Incisor 
Labial Incisal 
Applied Force at- Value Applied Force ft·t" Value 
i 50 vs. 100 grams 22.955*·· 50 VS. 100 grams 2.5.324*.* 
50 vs. 200 grams 41.466*·· 50 vs. 200 grams 50.850*** ; 
50 vs. 500 grams. 55.988**· 50 vs. .500 grams 64.672*** ; 
50 VS. 1000 grams 51.127*** .50 va. 1000 grams 6.5.109*** 
.50 vs. 1500 grams .54.745*** 50 va. 1500 grams 62.172**· 
.50 va. 2000 grams .53.171*** .50 va. 2000 grams .59.768*** 
100 VB. 200 grams 25.812*** 100 "TS. 200 grams 24.283*** 
100 vs. 500 grams 41.571**· 100 vs. 500 grams 41.455*" 
100 vs. 1000 grams 17.958**· 100 VS. 1000 grams 42.000*** 
100 va. 1500 grams 41.529*** 100 vs. 1500 grams 18.574*·· 
100 VS. 2000 grams 19.71S*** 100 VB. 2000 grams 15.484**· 
200 VS. 500 grams 18.711*·* 200 VS. 500 grams 26.582·*· i 200 vs. 1000 grams 14.910*** 200 VS. 1000 grams 27.158*·* 
200 vs. 1500 grams 17.511*** 200 vs. 1500 grams 21.474*** 
200 VS. 2000 grams 11.812**· 200 VB • 2000 grams 16.164*** 
500 VB. 1000 grams • 802 500 VB. 1000 grams 1.1'1 
I 500 va. 1500 grams .109 500 VB. 1500 grams 7.870*** 500 vs. 2000 grams 6.116*** 500 VB. 2000 grc-ms 12.197**· 
1000 VB. 1500 grams 
.995 1000 ys. 1500 grams 9.217*** 
1000 va. 2000 grams 4.401*** 1000 VB. 2000 grams 11.SS0*** 
1500 vs. 20no grams 
.5.901*** 1500 YB. 2000 grams 5.512*** 
• .(5)P).01 
** .0l)P).001 
*** P(.OOl 
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T.A:BLE 4 
,Itt It Comparisons of Weber Ratios for Various Forces Applied 
to the Labial and Incisal Surfaces of the 
J~andibu1ar Lateral Incisor 
Labial Incisal 
Applied Force Itt- Value AppUed Force "t" Value 
50 vs. 1(')0 gral!ls 25.111··· 50 vs. 100 grams 25.121··· 
50 vs. 2(')0 grams 50.612··· 50 VB. 200 grams 51.558··· 
50 vs. 500 grams 67.770··· 50 VB. 500 grams 72.072··· 
50 VB. 1000 grams 70.520··· 50 vs. 1000 grams 71.991··· 
50 VS. 1500 grams 68:~60··· 50 VS. 1500 grams 72.821··· 
50 VS. 2000 grams 64.143··· 50 VS. 2000 grams 68.000··· 
100 vs. 200 grams 21.145 ••• 100 VS. 200 grams 26.904··· 
100 vs. 500 grams 18.222··· 100 VS. 500 grams 50.812··· 
100 VS. 1000 grams 65.620··· 100 VS. 1000 grams 60.417··· 
100 VS. 1500 grams 18.522··· 100 vs. 1500 grams 51.661··· . 
100 vs. 2000 grams 14.467··· 100 vs. 2000 grams 46.098··· , 
200 26.400··· 12.584·.· . VB. 500 grams 200 vs. 500 grams 
200 vs. 1000 grams 11.267··· 200 vs. 1000 grams 16.288·" I 200 vs. 1500 grams 27.049··· 200 VS. 1500 grams 11.989··· 
200 va. 2000 grams 19.948··· 200 VB. 2000 grams 25.606··· 
500 VB. 1000 grams 5.986··· 500 vs. 1000 grams 5.515··· 
500 VS. 1500 grams 00.000 500 VB. 1500 grams 1.866 
500 vs. 2000 grams 7.261··· 500 VS. 2000 grams 7.117··· 
1000 VS. 1500 ~rams 6.271··· 1000 TS. 1500 grams 1.661··· 
1000 VS. 2000 grams 11.111··· 1000 VS. 2000 grams 12.129··· 
1500 VS. 2000 grams 7.560··· 1500 VS. 2000 grams 9.028··· 
• • 05)p}. 01 
•• .01>P).001 
••• P(.OOl 
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TABLE 5 
·"t" Comparisons of iieber llatios for Various Forces Applied 
to the tabia1 and Incisal Surfaces of the 
)!andibular Canine 
Labial Incisal 
Ap~Hed Force "t" Velue A'Oplied Force "t" Value 
100 vs. 2no grams ~ ~ 29.5·** 100 vs. 200 .,grams 2.5.997*** 
Ino VS. .500 gtaJtts 18.889·** Ion vs. .500' grams 44.178*·* 
100 VS. 1000 grams 44.401*** 100 vs. 1000 grams 49.212*** 
100 VS. 151')0 grants 4~.797*** 10() VS~ .1Sljl) grams 49.011·** 
1n(') VS. 201"10 grams 42.264**· 100 vs. 2000 gr,ams 48.7.54*** 
Ion VS. 2.50') grams . 40.150**· 100 VS. 2500 grams 45.009*** 
200 VS. 500 grams· 20.000*** 200 vs. 500 grams 25.606*·* 
200 VS. 1000 grams 27.841**· 200 VS. 1000 grams ~1.618*·* 
200 vs. 1500 grams 2'6.819*** 200 vs~ 15()Ograms 11.111··* 
200 ys. 2000 grams 24.419*** 200 YS. 2000 grams 12.840*** 
200 YS. 2500 grams 21.264*·* 200 vs. 2500 grams 26.781**· 
1000 'grams 8.647*** 500 TS. 1006 grams . 7.721·** 500 VS. 
500 1500 grams 6.018*·* 500 
. ., .,t 
8.015*·· VB. vs. '15{)Q grams 
500 vs. 2000 grams 2."682· 500 VS. 2Q,OO 'grams 6.478**· 
500 vs. 2500 grams' 1.128 500 vs. 2500 grams .176 
1000 vs. 1500 grams 2.147* 1000 vs. .t,OOgrams .866 
1000 VS. 2000 grams 6.711*·· 1000 vs. 2000, grams 1.271*· 
1000 VS. 2500 grams 11.161*" 1000 VS. 2.500 grams 10.169·*· 
1.500 VB. 2000 grams 4 • .545*·· 1.500 vs. 2000 grams 2.181* 
1.500 vs. 2.500 gral!ls 9.221**· 1.500 VS. 2.500 grams 9.481·*· 
2000 VS. 2.500 grams 4.97.5*** 2000 VS. 2.500 grams 7.870··· 
* .0.5)P).01 
** • 01)P). 001 , 
* •• P(.OOl 
· 
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TABLE 6 
-t" Comparisons of Weber 16tios for Various Forces 
Applied to the Buccal Surfaces of the 
',Mandi~l~p!'Flr.st Premo~r 
'f, 
'"Bu.ceal 
App1iedroree 
100 va. 200 ~ 
100 ' Ts. SOQ gnuDe 
100 Y8,. ·1;000 grli., 
100 . va ~ . ~SOO«~lIl' 
100 Til. tOOOg1'8Jll8. 
100 v.!.: ~.s()()gra.a· ," 
200 va. 500 ,gram. 
200 VS. ' 1000 gram' 
200 vs·. 1500 grams 
200 va. 2000 grams 
200 vs. 2500 grams 
500 vs. 1000 grams 
500 VS. 1500 gram. 
500 . "f._tit "2QOQ,r.a ... 
500 ·",e •. :, ?,,()(r"i~.· , " 
, ;fi, " 
1 OOO:~,,_,~~~·;1500.· _~.. ' 
1000 .. ""'. ,.,2onO;'c,r*ms· 
100d, •.•. 2.J00.:c~.. " 
150o.;.~.~;:,2'oog....i;.· .' 
150(J. '9'a •. 25M gr.. 
2000.ft'~2SO()g1'8.Jll~ 
\., " 
': ,.'~! , 
'I'" . 
20.995,·" 
11.Z~~'f~· 
4l.49'\;·~· . 
#Z.051· ... , 
40.'90·" 
"1.,11." ..... 
1.591··· 
8.121··· 
, " '·,·4.746··.·, . ·'l,~."ttf' ' 
()6·:~· 
~ • .s02 •• 
.' .... 10~48"'.···· 
.~.86'·~· 
. 11.u7S··· 
'7.,91··· 
•. ' ~05>P).Ol 
. I ; ~ 4: ' •• ol,)p)..obl. 
"', I' 
••• P(.OOl 
FIGURE 7 
I.ogari tiL-n ic-Logari thmic and Semi-Logari th-nic Graphs of Differential 
Thres~olds Plotted Against Forces Applied Along the Long Axis 
and 900 to the Long Axis of the 1-1andibular Central Incisor 
Semi-Loga ritr~ic Graph 
Loga ri tr"'''n i c-Loga ri tr.mic Graph 
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FIGURE 8 
Logari thrr ic-Loga ri tr.mic and Semi-Logarithmic Graphs of Differential 
~n resholds ?lotted Against Forces Applied Along the Long Axis 
and 90 0 to the Long l~xis of the Mandibular Lateral Incisor 
Se~i-Logarithmic Graph 
LogRrith~ic-Logarith~ic Graph 
FlGU?3 9 
LogA ri tr.mic-Lcga r1 thl!lic and Serni-IJog8 ri t:t!!1ic Grap!'1s of Differential 
Tr.resbolas Plotted Agai~st Forces Applied Along the Lo~g Axis 
and 90 0 to the Long Axis of the !-~andibular Canine 
Serni-Logaritr~ic Graph 
Loge ri Ull::lic-Loge rithmic Graph 
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FIGURE 10 
Logaritr~ic-Logarit~~ic and Se~i-Logarithmic Graphs of Differential 
Threscolds ?lotted Against Forces Applied at 900 to the Long 
Axis of the Yandibular First Premolar 
Semi-IJogari thmic Graph 
Log8rith~ic-Log?rit~~ic Graph 
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CHAPrER V 
DISCUSSION 
Fechner's formulation of the Psychophysical Law, which states 
that the sensation increases as the logarithm of the intensity, first 
populArized the earlier studies conducted by Weber. In his work. 
Fechner assumed that the "just noticable difference· of sensationalvaye 
conta iued the same number of sensa t ion units , and thus the Weber Bat io 
remained a constant throughout·th~ entire scale of sensory.Ertimu1i. 
·However, since Fechne.r'stime many investigators have que.st:l,oned 
the va1iqi ty of the 'lieber Ratio being expressed as a constant over the 
entire range of the sensory scale. James, Hecht, Pieron,Gui1ford:. 
Treisman, andUakfoorbe1ievethat the Weber Ratto isa constant on~' 
over the intermediate ranges of intensity, .andthat near threshold or 
physiologically tolerable limits of intens.1ty the rat'to increases. 
The results of this experiment are in agreement wi ththe observa.-
tions of these investigators. In all of the teeth tested, the Weber' 
Ratios were higher at both the lower and upper extremes of the intensity 
scale. At the 10lNer intensities of 50 gnU!lS, 100 grams,and 200 grams, 
discrimination was very poor, and the resultant 1ieber11atios were much 
higher th2.n those reported byJl'akfoor for comparable forces app11edto 
the maxillary central incisor. At the higher intensities of 2000 grams 
for the incisors, and 2500 grams for the canine and flrst'premolar, the 
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Weber Ratios increased, but the values were not nearly as high 'as they 
were at the lower intensities. A possible explanation for this could 
be tr.at the lower force values were very close to the threshold limits 
of the teeth .. tested, whereas, the higher applied forces were still within 
the phYSiologically tolerable ranges even though they were above the 
range where .' the iieberRatio was .rela tively constant. 
R"atvamura and Watanabe tested the discriminatory aldlity of test. 
subjects by having them bite down on stainless steel wires of small ' 
diameter placed between their maxillaIy and mandibular teeth. They 
established the Weber Ratio for the natural human dentition to be 0.1 
in both the incisor and molar areas. In this study, the Weber Batios 
varied between .117 and .151 in the intermediate ranges of: intensity, 
and thus compa.red favorably to the findings of these men. One signifi-
c.ant difference was that the findings of KawB.mura and Yatana."e ~lere 
based on lOOper cent discrimination, while in the pr'esent study 70 per 
centdiscrimina.tion ,,,as satisfactory. If lno per cent discrimination 
r.ad been required in this study, the Weber Ratios undoubtedly would have 
been higher. 
It should be pointed out that the experiment of Y.awamura and 
Watanabe measured total proprioception, and was not ·confinedto the 
proprioceptive impulses from the periodontal ligament as in the present 
study. Actually. they w9.re testing the ability to evalu,ate ,free-way' 
space rather than determining proprioception for the teeth. 
~ 
i 
! 
so 
In its original form Fechner's Law states that sensation increases 
as the logArith~ of the stimulus intensity increases. This logarithmic 
expression of the Psychophysical Law can be equated mathematically as 
S = A log I ~ K. Many opponents of this theory, most notab~ Ste~ens. 
feel that the relation between sensory intensity and stimulus intensity 
cpn be more accurately expressed as a power function. Stevens feels 
t~~t the Psychopr~sicAl Law is best expressed as a power function 'Of the 
general form dS = k IX. 
If the legarithmic equation 'Of Fechner provides the better fit 
fer the d.a:ta 'Of this experiment, then a semi-legarithmic plot sh'Ould 
exhibit linearity fer these forces that fall within the functienal limits 
of the phen'Omenon. If the power functien equati'On of Stevens better fits 
the data, then a logarithmic-legarithmic pl'Ot will best exhibit the' 
desired linearity. Whetf c'ODXparing the twopl'Ots, it 1s readily seen that 
the logarithmic-logarithmic plot exhibits better linearity in the func-
tienal range 'Of the Psychopr~sical phenomenen fer all teeth tested. 
(Figures 7, 8. 9. and 10). It is felt. frem this. that the power function 
of Stevens, dS :: k IX, fits the data fer this study better than the 
Fechner logari~hmic equation. 
The lower limits of the 'Optimal range for the Psych'Ophysical 
phenomenen fer both incisors lies between 200 grams and 5(')0 grams, while 
the upper limit occurs at about 1500 gra!!ls. The le"'er limit for the 
canine alse was between 200 grams and 500 grams, while for the premolar 
i 
l 
( 
, 
51 
it was located near 500 gr8~sof applied force. In both of these teeth, 
the upper limits for the «eber Patio was not as well defined, but was 
probably near the 2500 gram maximal force that was used in this experi-
mente Although the evidence indicates a fairly close linear relation-
ship on the logarit~~ic-logarith~ic plot between sensation inte~sity and 
stimulus intensity in these ranges, it should be noted that the- linearity 
exhibited here is not as clearly demonstrated as in Uakfoor's study 
dealing with the maxillary incisor. 
Eased on the results of this study, one .must conclude .that the 
teeth tested did not exhibit directional sensitivity to the extent 
reported for the cat canine in studies by Pfa ffman , and for the rabbit 
incisor in Ness' study. In all cases, labially and incisally applied 
forces r~d nearly the same range of discrimination with regard to the 
actual values in gr~s employed. This is in general ~greement with the 
findings that Nakfoorreported on the maxillary central incl$or, .and 
would offer indirect evidenee as to the location of the pressoreceptors 
in the periodontal ligament of human mandibular teeth. This lack of 
directional sensitivity supports in theory at least for humans the 
findings of Lewinsky and Stewart that the pressoreceptors are evenly 
distributed throughout the periodontal ligacent, rather than being 
limited to the apical one-third·of the root as reported by Kizior in 
his study of the cat. 
Of the four teeth tested, the canine showed the greatest 
. , 
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sensitivity to this foree stimulation. This is in agreement with the ;, 
findings of Starkie and Stewart, Kruger and Miehel, and Cuozzo. Starkie 
and Stewart explain this by observing that the canine teeth are 
innervated by both the anterior and posterioT alveolar' 'plex1, ra.1!her 
, than 'b1 one or the other as is, true of the' incisors (anterior plen.s) , 
or the premolars and molars <posterior plexus). Kruger and Michel 
,state that the great,er'sens1tiV:ity of,thecanine teeth reflects 'a richer 
nerve innervation, and a greater usefUllness of these teeth as a tactile 
organ at least in the cat~ One could then argue that these results 
indicate an evolutlonaI7 rete,nttoD, though these teeth do net f\inct.ion 
signifieant'ly astaeUle organs in humans. 
The ,first premolarexhibi ted the lowest, sen'si,t1vtty to tactile ' 
stimuli of 'any of the teeth tested. This finding would be in )S.greement 
with,tl'1e results of Loewenstein and Rathkamp for pre,s lure ,th-resholds." 
In their study, Pressure stimult Were applied to the'inctsal and "00'01u881 
surfaces of human tee th.ln both the'maxillaryandmandt bular teeth~ 
the thresholds inereased. wberi.' going from tHe ineisors tothe'POstertor 
teeth .. , 'lheyfel t that the higher thresholds observed 'on the poster!-or 
teeth was due' to the greater surface area o'f the roots of these teeth 
without an accOntplnying increase in thenwnberof, nerve fibers Inner-
vating the periodontal 1 tgamentas is seen in the canine teeth." 
i 
CHAPTER VI : . 
SUU1ARY A1l> conCLUSION 
A method was described for testing proprioceptive discrimination 
in the human periodontal ligament. This method was used to test the 
. ability of non-orthodontically treated adults to differentiate between 
similar forces applied to the mandibular central incisor,lateral incisor, 
canine, and first premolar. 
It wes found that the ability of subjects to discriminate differ- I 
ences between forces applied to these teeth was very poor when light 1 
I 
i 
forces of 50 grams, 100 grams, and 200 grams were used~ 
The optimal working range of the Psychophysical Phenomenon varied 
for the different teeth tested. For the incisors,the lower limit 
occurred between 200 grams and 500 gral!ls, while the upper limit extended 
to approximately 1500 grams •. For the canine, the lower limit oftha 
law was found to rest between 200 grams and 500 grams. On the premolar 
the lower limit was close to 500 grams. For both the canine and. pre!!lolar, 
the upper limits of Psychophysical Phenomenon was poorly defined, but 
probably was near 2500 gral!ls of applied force. 
The Weber Ratio for the periodontal ligament of human adults 
ranged between .125 and .151 of the standard. force values between 500 
grams and 1500 grams on the central and lateral incisors, .117 and .15~ 
of the standard force values between 500 grams and 2500 grams on the 
51 
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canine, and .117 and .165 of the standard force values between 500 grams 
an~ 250 0 g~ms on the first premolar. 
The relation between sensory intensity and stimulus intensity in 
this experiment is best expressed by the ~ower function equation of 
Stevens. This is stated mathematically as: 
dS = k IX. 
The human periodontal ligament exhibited only slightly greater 
directional sensitivity on the incisal edge when the applied force was 
along the long axis of the tooth than on t~e labial surface when the 
applied force was directed at an angle of 900 to the lon~ axis of the 
tooth. In some of the teeth, the labial surfaoe was more sensitive than 
the incisal surface. It may be concluded from this that the presso-
receptors of .the human periodontal ligament present an arrangement diff-
erent from that seen in some experimental animals. 
Of the four teeth tested, the mandibular canine demonstrilted 
the greatest discriminability to pressure stimuli, while the first. 
premolar wa:a the least discriminative. 
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Measurement Values for Forces Applied 900 to Long Axis Expressed in Actual 
Values and Weber :Ratios for the Mandibular Central Incisor 
Sub- . 
ject SO gm. 100 gm. 200 gm. 500 gm. 1000 gm. 1500 gm. 2000 gm. 
No. Gm. 11a tic> Gm. Batio Gm. Ratio Gm. :Ratio Gut. Ratio Gm. :Batio Gm. :Batio 
1 15 .10 20 .20 25 .125 .50 .10 75 .075 150 .10 250 .125 
2 10 .20 20 .20 40 .20 75 .15 100 .10 200 .111 250 .125 
1 20 .40 10 .10 40 .20 125 .25 200 .20 200 .11' ,00 .• 15 
4 IS .10 25 .25 10 .15 50 .10 100 .10 200 .111 100 .15 
I 5 10 .60 10 .10 10 .15 75 .15 125 .125 200 .111 100 .15 
6 20 .40 40 .40 50 .25 75 .1.5 125 .12.5 250 .167 450 .225 
7 20 .40 40 .40 50 .2.5 100 .20 125 .125 200 .1~1 100 .15 
8 1.5 .10 20 .20 20 .10 75 .15 1?-5 .125 17.5 .125 250 .12.5 
9 20 .40 20 .20 20 .10 50 .10 75 .075 100 .067 200 .10 
10 25 .50 50 • .50 80 .40 1;0 .10 100 .10 500 'l~ 600 .10 I • 11 20 .40 20 .20 10 .1.5 50 .10 100 .10 150 .10 200 .10 
12 20 .40 2.5 .25 10 .1.5 50 .10 7.5 .075 1.50 .10 200 .10 
! 11 20 .40 10 .~O '10 .15 50 .10 100 .10 1.50 .10 250 .125 
14- 10 .60 40 .40 40 .20 SO .10 100 .10 1.50 .10 150 .175 
I 15 25 .50 10 .10 10 .15 50 .10 100 .10 1.50 .10 200 .10 
16 40 .80 60 .60 70 .15 100 .2.0 250 .2.5 400 .27 500 .2.5 
17 40 .80 40 .40 50 .25 75 .1.5 100 .10 150 .10 100 .15 
18 20 .40 10 .10 10 . .15 75 .1.5 200 .20 100 .20 500 .2.5 
19 40 .80 70 .70 80 .40 7.5 .15 100 .10 150 .10 2.50 .12.5 
2.0 10 .60 70 .70 80 .40 125 .25 250 .25 500 .11 700 .15 
21 40 .80 40 .40 60 .. ~o 150 .10 '300 .10 500 .11 .500 .25 
22 10 .60 10 .10 10 .15 75 .15 125 .12'5 17.5 .12 100 .15 
21 10 .60 40 .40 50 .25 50 .10 100 .100 200 .111 100 .15 
24 10 .60 10 ~1() 40 .20 50 .10 75 .075 150 .10 200 .10 
25 ,0 .60 10 • 1(,} 40 .20 50 .10 125 .12,5 . ISO .10 200 .10 
26 15 .70 10 .10 40 .20 50 .10 100 .10 150 .10 250 .125 
27 
.5 .10 10 .10 10 .15 75 .15 50 .050 100 .067 ISO .075 
28 ,0 .6'0 10 .10 40 .20 SO .10 100 .10 200 .111 100 .15 \.n 2, 40 .80 50 .50 60 .10 25 .05 125 .125 200 .11' 150 .175 \.n 
..... ,.,10 .. r-_L....10 .. 60 ... , 3g .. ~ 40 ~_ p2() ~ 10 
- .... -.:.. ..'!_ ...... --'C 100 ._~+o .1.59 ...•. 10 250 .1.25 ,I 
!" 
Measurement Values for Forces Applied Parallel to Long Axis Expressed in Actual 
Values and Weber Ratios for the Mandibular Central Incisor 
Sub-
ject SO gill. l00gm. 200gm. 500 gin. 1000 gin. 1500 gJD. 2000 gm. 
No. Gm. Ratto Gm. Ratto Gm • Batio Om. Ilatto Gm. IlaUo Gin. Ratio Gm. Ratio 
1 ,0 • 60 20 .20 10 .1; SO .10 100 .10 200 .111 2;0 .125 
2 10 .60 10 .10 40 .20 ;0 .10 100 .10 200 .rn 250 .125 
1 40 .80 20 .20 25 .125 ;0 .10 12; .125 2;0 .167 2;0 .12; 
4 15 .10 25 .2; 10 .15 SO .10 100 .10 2;0 .167 100 .1; 
.5 10 .60 10 .10 10 .15 75 .15 100 .10 2;0 .167 100 .15 
6 10 .60 SO .;0 SO .25 100 .20 1;0 .• 15 2;0 .167 400 .20 
7 40 .80 SO .;0 60 .10 75 .15 125 .125 200 .111 100 .15 
8 '20 .40 20 .20 10 .1; 75 .1.5 ISO .1; 200 .1"11 100 .15 
9 10 .20 20 .20 10 .1; SO .10 100 .10 ISO .10 2;0 .125 
10 10 .60 60 .60 70 .15 100 .20 200 .20 2;0 .167 1;0 .175 
11 10 .60 10 .10 40 .20 75 .1; 17; .17; 100 .20 400 .?O 
12 2; • .50 10 .10 40 .20 ;0 .10 7; .075 1.50 .10 200 .10 
11 10 .60 10 .10 40 .20 ;0 .10 100 .10 1;0 .10 ,00 .15 
14 10 .60 10 .10 40 .20 50 .10 100 .10 200 .111 400 .. 20 
IS 2; .50 20 .20 10 .1; ;0 .10 100 .10 1;0 .10 2;0 .12; 
16 25 .50 40 .40 40 .20 75 .1; 100 .10 200 .11, 1;0 .17; 
17 40 .80 40 .40 40 .20 50 .10 12; .12; 200 .1;; 1;0 .175 
18 20 .40 ":l0 .10 ":l0 .1; 50 .10 12; .12; 1;0 .10 150 .175 
19 40 .80 50 .50 50 ,",25 7; .15 175 .175 100 .20 400 .20 
20 40 .80 80 .80 90 .45 100 .20 200 .20 400 .267 650 .125 
21 40 .80 70 .70 90 .45 ISO • ~O 100 .~O 450 .10 600 .10 
2.2 20 .40 10 .~O 40 .20 75 .15 150 .1.5 250 .167 150 .175 
21 40 .80 40 .40 50 .25 50 .10 100 .10 150 .10 250 .125 
24 40 .80 40 .40 50 .25 75 .15 150 .150 250 .167 400 .• 20 
25 10 .20 20 .20 20 .10 .50 .10 100 .10 ISO .10 200 .10 
26 10 .60 40 .40 40 .20 SO .10 100 .10 150 .10 2;0 .125 
27 5 .10 10 .10 20 .10 50 .10 75 .07.5 100 .067 ISO .075 
28 q5 .70 40 .40 40 .20 50 .10 100 .10 150 .10 250 .125 \n 
29 10 .60 40 .40 40 .20 50 .. 10 125 .125 200 .111 1.50 .175 ~ 
'0 10 ,.60 40 .40 40 .20 SO .10 100 .10 ... ~.5J> .• 1:0 200 .10 I ~ 1--:" _'-: -:::=-~~ ---=-=-=--~~- --~ ,-",. 
- -
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. AYl']§fllJiX III 
Measurement Values for Forces Applied 900 to Long Axis Expressed in Aotual 
Values and Weber Batios for the Mandibular Lateral Inoisor 
" 
Sub-
ject 50 gil. 100 P. 200 gin. 500 p. 1000 grtl. 1500 gDl. 2000 gIB. 
No. Gm. Batio' GIn, llatio Gm. Batio Gm. latto GIn. :Ratio Gm. Ratio Gm. 'Ratio 
1 15 .10 20 .20 10 .15 50 .10 75 .075 175 .117 250 .125 
2 10 .60 25 .25 10 .15 75 .15 125 .125 150 .10 250 .125 
'3 40 .80 10 .10 40 .20 75 .15 100 .10 150 .10 150 .175 
4 10 .60 25 .25 40 .20 50 .10 75 .075 200 .113 100 .15 
5 40 .80 70 .70 80 .40 100 .20 100 .10 150 .10 250 .125 
6 40 .80 70 .70 70 .15 75 .15 200 .20 400 .267 600 ,,~O 
7 20 .40 40 .• 40 40 .20 SO .10 100 .10 200 .111 150 .175 8 15 .10 20 .20 10 .15 75 .15 100 .10 150 .10 250 .125 
9 20 .40 20 .20 20 ,10 50 ,10 75 .075 100 .067 150 .075 
10 40 .80 70 .70 90' .45 150 .10 200 ,20 400 .267 600 ,10 
11 15 .10 10 .10 50 ,25 50 ,10 100 ,10 150 .10 200 ,10 
12 10 .60 10 .10 40 .20 50 .10 75 ,075 150 ,10 200 ,10 , 
11 10 .60 40 .40 50 ,25 100 ,20 150 .15 200 .111 100 .15 ' ! , j 
14 10 .60 ~o .10 40 ,20 50 ,10 100 .10 200 .111 150 .175 
15 40 .80 20 .20 10 .15 50 .10 100 .10 150 .10 200 .10 
16 10 .60 50 ,SO 60 ,10 75 .15 200 .20 150 .211 500 .25 
17 40 .80 50 ,50 80 .40 100 .20 150 .15 200 .111 150 .175 
18 10 .60 10 .10 50 ,25 75 .15 200 .20 250 .167 450 ,225 
19 40 .80 40 .40 50 .25 50 ,10 100 .10 200 .111 250 .125 
20 40 ,80 70 ,70 70 .15 125 .25 250 .25 400 .267 650 "~25 
21 40 .80 70 .70 80 ,40 150 .10 100 .10 450 ,10 500 .25 
22 10 .60 10 .~O 40 ,20 75 .15 100 .10 200 .111 100 .15 
, 21 40 ,80 40 .40 50 .25 75 .15 100 .10 150 ,10 100 .15 
24 20 .40 10 .10 15 ,175 50 .10 75 ,075 150 .10 100 .• 15 
25 10 .60 10 .10 40 .20 50 .10 100 .10 100 .067 200 .1.0 
26 40 .80 40 .40 50 .25 75 .15 150 .15 200 .111 400 .20 
27 5 .10 10 .10 10 ,05 25 ,OS 50 ,050 100 ,067 150 .075 
28 10 .70 40 .40 SO ,25 SO .10 100 .10 200 .111 150 .115 \n 
29 40 .80 50 .50 SO ,25 SO .10 100 ,10 150 .10 250 .12.$ ~ 
10 10 .60 40 ,,+0 50 !.?~ "~ , .. ~o .. 1..\9 _____ JQ~ 110 ?90, .l1'3Q9 .l-S .' • ':,-··". __ "_'::.:c\.-: • ..,."W_~N' "If'" _ -~ ._ ..... ". ' ... -
i A1:' .I:'.1lil'WL.x IV 
I 
Measurement Values for Forces Applied Parallel to Long Axis Expressed in Actual 
Values and Weber Batios for the Mandibular Lateral Incisor 
Sub-
ject SO gUl. 100 gm. 200 gm. 500 gm. 1000 gtn. 1500 gin. 2000 gm. 
No. Gm. :Ratio Gm. :Ratio Gm. Ratio Gm. BaUo Gm. Bat10 Gm. Ratio Gm. Ratio 
1 15 .10 10 .10 _ 50 .25 :SO .10 _ '.-75 .075 100 .067 250 .125 
2 10 .60 50 .50 40 .20 75 .15 125 .125 125 .081 100 .15 
1 40 .80 40 .40 40 .20 50 .10 150 .15 240 .167 ~oo .15 
4 15 :~O 10 .10 40 .20 50 .10 100 .10 250 .167 100 .15 
5 40 .80 40 .40 40 .20 75 .15 125 .125 175 .117 250 .125 
6 40 .80 60 .60 70 .~5 150 .10 250 .250 500 .~1 700 .15 
7 40 .80 60 .60 80 .40 100 .20 200 .20 250 .167 ~50 .175 
8 15 .~O 20 .20 40 .20 50 .10 100 .10 150 .10 250 .125 
9 20 .40 10 ."0 10 .15 50 .10 100 .10 150 .10 250 .125 
10 40 .80 70 .70 100 .50 150 .10 250 .25 150 .211 500 .25 
11 25 .50 40 .40 40 .20 75 .15 200 .20 150 .2", 450 .225 
12 10 .60 10 .10 10 .15 50 .10 100 .10 150 .10 200 .10 
11 10 .60 40 .40 50 .25 100 .20 125 .125 175 .117 100 .15 
14 15 .70 50 .50 50 .25 100 .20 200 .20 100 .20 500 .25 
15 40 .80 40 .40 50 .25 50 .10 100 .10 200 .111 100 .15 
16 10 .60 40 .40 50 .25 75 .15 150 .15 250 .167 450 .225 
17 40 .80 70 .70 100 .50 100 .20 100 .10 150 .10 "00 .15 
18 20 .40 20 .20 "0 .15 50 .10 100 .10 150 .10 250 .125 
19 40 .80 40 .40 
-70 .~5 100 .20 200 .20 100 .20 400 .20 
20 40 .80 70 .70 80 .40 100 .20 150 .15 150 .211 600 .10 
21 40 .80 60 .60 80 .40 100 .20 100 .10 100 .20 600 .10 
22 10 .60 50 .50 60 .10 75 .15 125 .125 250 .167 450 .225 
21 40 .80 50 .50 60 .10 75 .15 100 .10 200 .111 100 .15 24 10 .60 40 .40 60 .10 75 .15 150 .150 250 .167 "00 .15 
25 20 .40 20 .20 10 .15 50 .10 100 .10 150 .10 200 .10 
26 40 .80 40 .40 50 .20 75 .15 100 .10 200 .111 150 .175 ' 
27 15 .10 15 .15 20 .10 50 .10 SO .05 100 .067 150 .075 28 10 .60 40 .40 40 .20 50 .10 100 .10 200 .111 100 .15 \.1\ 29 40 .80 50 .50 60 :~O 75 .15 100 .10 200 .111 100 .15 (,X) 
10 40 .80 
.. S~ ___ .... _! 50 50 .25 75 .15 100 .10 ~O. __ .~O 100 .15 
. _ , __ ,. .,_ .. _.«_h,~ ~ 
- -
. -. 
" 
,,-, 
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'APmTDIX V 
Measurement Values for Forces Applied 900 to Long Axis Expressed in Actual 
Values and Weber Ratios for the Mandibular Canine 
ject I 100 gn\. I 200 gm. 1500 gill. 1 1000 grn. 11500 gil. I 2000 gil. I 2500 gil. 
No. Gm. Ratio Gm. Ratio Gm. Ratio Gm. Batio Gm. :Ratio Gm. Batio Gm. l1atio 
1 
2 
" 
4 
.5 
6 
7 
8 
9 
10 
11 
12 
11 
14 
15 
16 
17 
18 
19 
20 
21 
22 
21 
24 
25 
26 
27 
28 
29 
10 
15 .15 
10 .10 
20 .20 
20 .20 
70 .70 
·70 .70 
40 .40 
40 .40 
20 .20 
50 .50 
25 .25 
40 .40 
10 .10 
20 .20 
40 .40 
10 • '10 
10 .10 
10 .10 
50 .50 
50 .50 
60 .60 
50 .50 
40 .40 
15 .15 
20 .20 
10 .10 
10 .10 
10 .10 
40 .10 
10.-!J~ ... 
20 .10 
10 .15 
40 .20 
20 .10 
,0 .15 
90 .45 
60 .10 
50 .25 
10 .15 
70 .15 
40 .20 
50 .25 
10 .15 
10 .15 
10 .1.5 
40 .20 
40 .20 
10 .15 
70 .15 
70 .15 
80 .40 
40 .20 
50 .25 
40 .20 
20 .20 
50 .25 
10 .05 
40 .20 
50 .25 
~0~ .. _ ... 20 
50 
50 
75 
50 
50 
100 
75 
150 
50 
150 
50 
50 
50 
50 
50 
75 
50 
50 
100 
100 
150 
50 
75 
50 
50 
75 
25 
50 
75 
~o 
.10 
.10 
.15 
.10 
.10 
.20 
.15 
.10 
.10 
.10 
.10 
.10 
.10 
.10 
.10 
.15 
.10 
.10 
.20 
.20 
.10 
.10 
.15 
.10 
.10 
.15 
.05 
.10 
.1.5 
.10 
7.5 
100 
100 
100 
75 
200 
1.50 
250 
7.5 
200 
100 
100 
75 
100 
100 
150 
100 
100 
100 
125 
200 
100 
100 
150 
100 
150 
50 
75 
125 
_ .. 7~ __ 
.075 
.10 
.10 
.10 
.075 
.20 
.15 
.25 
.075 
.20 
.10 
.10 
.075 
.10 
.10 
.15 
.10 
.10 
.10 
.125 
.20 
.10 
.10 
.15 
.10 
.1.5 
.05 
.175 
.125 
.075 
100 .067 
150 .10 
150 .10 
200 .11'3 
200 .11'3 
100 .20 
200 .111 
400 .267 
150 .10 
250 .167 
150 .10 
150 .10 
100 .067 
150 .10 
1.50 .10 
250 .167 
150 .10 
250 .167 
150 .10 
200 .111 
250 .167 
150 .10 
150 .10 
200 .11, 
150 .. 10 
200 .111 
100 .067 
150 .10 
175 .117 
150 .10 
200 .10 
100 .15 
250 .125 
100 .15 
250 .12.5 
400 .20 
200 .10 
500 .25 
200 .10 
100 .15 
250 .125 
200 .10 
150 .075 
200 .10 
250 .125 
1.50 .17.5 
200 .10 
400 .20 
2.50 .12.5 
1.50 .17.5 
1.50 .175 
200 ~10 
200 .10 
100 .1.5 
200 .10 
100 .15 
150 .075 
200 .10 
2.50 .125 
._?~g .. ...• 10 
250 
400 
100 
100 
250 
500 
100 
600 
250 
500 
1.50 
250 
2.50 
2.50 
100 
500 
250 
500 
100 
500 
4.50 
100 
100 
4.50 
2.50 
.500 
200 
100 
400 
100 
.10 
.16 
.12 
.12 
.10 
.20 
.12 
.24 
.10 
.20 
.14 
.10 
.10 
.10 
.12 
.20 
.10 
.20 
.12 
.20 
.18 
.12 
.12 
.• 18 
.10 
.20 ' 
.08 
.12 
.16 
.12 
\J\ 
-..0 
·' 
-. _ •• ,<- <, 
lU" l" MlJJl A V 1 i 
Measurement Values for Forces Applied Pa~11e1 to Long Axis Expressed in Actual 
Values and Weber Ratios for the Mandibular Canine 
" 
Sub-
ject 100 gm. 200 gIn. 500 gm. 1000 gIn. 1500 gIn. 2000 gIn. 2500 gro. 
No. Gm. Ratio Gm. Betio Gm. Ratio Gm. Ratio Gm. Ratio Gm. Ratio Gm. Ratio 
1 20 .20 20 .10 50 .10 100 .10 150 .10 200 .10 250 .10 
2 50 .50 70 .15 75 .15 150 .1.5 2.50 .167 150 .175 400 .16 
1 20 .20 10 .1.5 7.5 .15 125 .125 200 .111 250 .125 150 .14 
4 
.50 .50 10 .15 50 .10 75 .075 1.50 .10 200 .10 100 .12 
5 80 .80 50 .25 50 .10 50 .05 200 .111 250 .125 250 .10 
6 50 • .50 70 .15 125 .2.5 250 .25 400 .267 400 .20 600 .24 
7 60 .60 70 .15 100 .20 200 .20 100 .20 400 .20 .500 .20 
8 20 .20 10 .1.5 50 .10 125 .125 150 .10 200 .10 100 .12 
9 10 .10 10 .15 50 .10 75 .075 150 .10 200 .10 2.50 .10 
10 50 .50 80 .40 150 .10 200 .20 200 .111 100 .15 450 .18 
11 40 .40 50 .25 .50 .10 75 .075 150 .10 250 .125 150 .14 
12 10 .10 40 .20 50 .10 75 .075 150 .10 200 .10 2.50 .10 
11 10 .10 40 .20 50 .10 75 .07.5 150 .10 200 .10 250 .10 
14 10 .10 50 .25 100 .20 200 .20 100 .20 4.50 .22.5 6.50 .26 
15 40 .40 50 .25 75 .15 150 .15 150 .10 250 .125 150 .14 
16 50 .50 60 .. ~O 100 .20 200 .20 100 .20 450 .225 600 .24 
17 50 .50 50 .25 100 .20 125 .125 150 .10 250 .125 150 .14 
18 10 .10 10 
.15 50 .10 75 .075 250 .167 '50 .175 400 .16 
19 50 .50 60 .10 ,100 .20 150 .15 200 .111 250 .125 150 .14 
20 40 .40 60 .10 10') .20 125 .125 200 .111 10() .15 500 .20 
21 80 .80 90 .45 150 .10 200 .20 '50 .211 400 .20 650 .26 
22 60 .60 80 .40 100 .20 150 .15 150 .10 250 .125 450 .18 
21 40 .40 50 .25 50 .10 100 .10 150 .10 200 .10 250 .10 
24 50 .50 60 .10 75 .15 150 .15 200 .111 100 .15 450 .18 
25 20 .20 20 .10 50 .10 100 .10 100 .067 200 .10 250 .10 
26 40 .40 50 .25 75 .15 150 .15 150 .10 250 .125 400 .16 
27 20 .20 10 .15 50 .10 100 .10 150 .10 200 .10 250 .10 
28 10 .10 40 .20 50 .10 100 .10 150 .10 200 .10 150 .14 
'" 29 40 .40 50 .25 75 .15 125 .12S 200 .111 250 .125 150 .14 0 
10 10 .10 40 .20 50 .10 100 .10 150 .10 200 .10 "'50 .14 
. ' " 
.-
-
.~ ••• -~ • < -~."~ -- -- .. ,~-.. -- -- .. ~~. . --"-", - .,,-.~, .. .- ",."" . 
,,..~ 
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I 
Measurement Values for Forces Applied 90° to Long Axis Expressed in Actual 
Values and Weber Ratios for the Mandibular First Premolar 
Sub-
ject . 100 gIn. 200 gro. 500 gm. 1000 gIn. 1500 gro. 2000 gro. 2500 gro • 
No. Gm. Ratio GIn. Ratio GIn. Ratio Gm. Ratio Gm. Ratio Gm. Ratio. Gm. Ratio 
1 15 .15 . :30 .15 50 .10 75 .075 125 .081 200 .10 100 .12 
2 40 .40 50 .25 75 .15 200 .20 250 .167 100 .15 100 .12 
'3 20 .20 40 .20 75 .15 125 .125 200 .111 100 .15 400 .16 
4 20 .20 40 .20 50 .10 100 .10 150 .10 200 .10 250 .10 
5 80 .80 100 .50 100 .20 150 .15 250 .167 100 .15 400 .16 
6 80 .80 100 .50 150 .10 200 .20 250 .167 100 .15 500 .20 
7 40 .40 60 .10 100 .20 150 .15 250 .167 100 .15 400 .16 
8 40 .40 50 .25 100 .20 250 .25 500 .~1 600 .10 800 .12 
9 40 .40 10 .15 50 .10 100 .10 150 .10 200 .10 250 .10 
10 50 .50 60 .10 100 .20 200 .20 100 .20 400 .20 500 .20 
11 10 .10 40 .20 75 .15 100 .10 150 .10 250 .125 150 .14 
12 10 :~O 40 .20 50 .10 100 .10 150 .10 200 .10 250 .10 i 
11 40 .40 40 .20 50 .10 75 .075 125 .08'~ 200 .10 150 .14 
14 20 .20 20 .10 50 .10 100 .10 150 .10 200 .10 500 .20 
15 40 .40 10 .15 75 .15 150 .15 250 .167 150 .175 450 .18 
16 60 .60 70 .15 100 .20 200 .20 150 .2")1 500 .25 700 .28 I 
17 40 .40 40 .20 50 .10 100 .10 150 .10 200 .10 100 .12 
18 10 .10 40 .20 75 .15 100 .10 150 .10 250 .125 450 .18 
19 40 .40 60 .10 50 .10 125 .125 200 .111 250 .125 100 .12 
20 80 .80 100 .50 200 .L~O 100 .10 400 .267 500 .25 700 .28 
21 80 .80 90 .45 100 .20 125 .125 250 .167 ")50 .175 500 .20 
22 60 .60 70 .")5 100 .20 150 .15 200 .111 150 .175 LJ.50 .18 
21 40 .40 40 .20 50 .10 100 .10 200 .111 250 .125 ")50 .14 
24 40 .41') 60 .10 125 .25 175 .175 250 .167 ")50 .175 400 .• 16 
25 20 .20 20 .10 50 .10 100 .10 200 .1")1 250 .125 400 .16 
26 15 .15 60 .10 100 .20 175 .175 250 .167 ")50 .175 500 .20 
27 15 .15 20 .10 50 .10 50 .05 100 .067 150 .075 200 .08 
28 40 .4() 50 .25 75 .15 125 .125 .75 .117 250 .125 400 .16 ~ 
29 40 .40 50 .25 . 50 .10 100 .10 . 175 .117 250 .125 400 .16 I-' 
10 40 .40 50 .• 25 75 .15 100 .10 150 .10 200 .10 100 .12 
-. 
-"" - -~ . . .. -.. ,"'~"'"' . -" . ,." -- ._ ... - ,,-
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